
(19) 



J 



1 



(12) 



(43) Date of publication: 

02.04.1997 Bulletin 1997/14 

(21) Application number: 96115298.0 

(22) Date of filing: 24.09.1996 



Europaisches Patentamt 
European Patent Office 
Off Ice europeen des brevets (11) EP 0 765 896 A1 

EUROPEAN PATENT APPLICATION 

(51) Int. CI. 6 : C08G 77/06, C08J 3/03 



(84) Designated Contracting States: 
DE FR GB NL 

(30) Priority: 28.09.1995 JP 251308/95 

(71) Applicant: TOSHIBA SILICONE CO., LTD. 
Tokyo (JP) 

(72) Inventors: 

• Ochiai, Tetsunori, 
c/o Toshiba Silicone Co., Ltd. 
Minato-ku, Tokyo (JP) 



• Nishida, Makoto, 

c/o Toshiba Silicone Co., Ltd. 
Minato-ku, Tokyo (JP) 

• Iwasaki, Mitsunori, 

c/o Toshiba Silicone Co., Ltd. 
Mlnato-ku, Tokyo (JP) 

(74) Representative: Hansen, Bernd, Dr. Dipl.-Chem. 
eta! 

Hoffmann, Eitle & Partner, 
Patentanwalte, 
Arabellastrasse 4 
81925 Munchen (DE) 



(54) Continuous production method of polyorganosiloxane particles 

(57) A continuous production method of polyorga- 
nosiloxane particles by press-introducing an orga- 
noaikoxysilane into an aqueous phase such as water 
through a porous membrane to form a monodisperse 
O/W type emulsion and adding a catalyst to the emul- 
sion to condensation polymerize the organoalkoxysi- 
lane. Non-porous polyorganosiloxane particles having a 
uniform particle size can be stably and continuously 
produced with a high efficiency. 
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Description 

FIELD QF THE INVENTION 

The present invention relates to a continuous pro- 
duction method of polyorganosiloxane particles, and 
more specifically to a method of producing non-porous 
polyorganosiloxane particles having a uniform particle 
size by press-introducing an organoalkoxysilane into an 
aqueous phase through a porous membrane and con- 
densation polymerizing the organoalkoxysilane using a 
catalyst 

BACKGROUND QF THE INVENTION 

Conventional production methods of polyorganosi- 
loxane particles are a method of producing the particles 
by adding dropwise an alkoxysilane to an aqueous solu- 
tion of a hydrolysis catalyst such as an alkaline com- 
pound, an acidic compound, etc., and stirring the 
mixture as described in, for example, JP-A-54-72300, 
JP-A-60-13813, JP-A-63-77940, JP-A-63-295637, JP- 
A-63-312324, JP-A-63-312325, JP-A-1-217039. and 
JP-A-2-255837 (the term "JP-A" as used herein means 
an "unexamined published Japanese patent applica- 
tion"), a method of grinding a polyorganosiloxane cured 
product with a ball mill, an atomizer, etc., as described 
in JP-A-61 -194009, a method of dispersing a curable 
liquid polysiloxane in water and then curing the polysi- 
loxane as described in JP-A-63-77942, etc. 

However, since these production methods are 
batch-type production methods, there are problems that 
the productivity is low and that the particle size of poly- 
organosiloxane particles scatters in every batch. In par- 
ticular, in the method described in JP-A-63-77940 
described above, polymethyisilsesquioxane particles 
having substantially true spherical form are obtained. 
However, reaction is carried out at an interface while 
stirring in a double layer state of the layer of an alkoxysi- 
lane solution and the layer of a catalyst such as an 
aqueous ammonia solution, etc. Therefore, there is a 
problem that long time is required for the reaction. Fur- 
ther, there is a problem that the particle size scatters 
according to the stirring condition. 

Conventional production method of inorganic 
microspheres is a method of obtaining inorganic micro- 
spheres by press-introducing a silicate of an alkali 
metal, such as water glass, etc., into an organic solvent 
such as a hexane solution of a emulsifying agent 
through a porous membrane to form a W/O type emul- 
sion and then curing the emulsion using a catalyst such 
as an acid, a salt, etc., as described in, for example, JP- 
A-4-1 54605. and JP-A-5-240. 

However, this method involves a problem that an 
organic solvent and a surface active agent are required 
for producing a W/O type emulsion and it is difficult to 
remove the surface active agent etc., from the inor- 
ganic microspheres obtained, and also involves a prob- 
lem that the inorganic microspheres obtained easily 



become porous and it is difficult to obtain non-porous 
microspheres. 

SUMMARY QF THE INVENTION 

5 

The present invention has been made to overcome 
the conventional problems described above. 

Accordingly, an object of the present invention is to 
provide a method of efficiently, stably, and continuously 
10 producing polyorganosiloxane particles which are non- 
porous and have a uniform particle size. 

As a result of various investigations to overcome 
the problems in the conventional techniques, it has 
been found that in the production method of polyorga- 
is nosiloxane particles by the hydrolysis and condensation 
polymerization reaction of an alkoxysilane, the orga- 
nosiloxane is dispersed in an aqueous phase through a 
porous membrane to form an O/W type emulsion and a 
condensation polymerization is conducted by adding a 
20 catalyst to the emulsion, whereby non-porous polyorga- 
nosiloxane particles having a uniform particle size can 
be efficiently, stably, and continuously produced. The 
present invention has been attained based on this find- 
ing. 

25 According to the present invention, there is pro- 
vided a continuous production method of polyorganosi- 
loxane particles, comprising a step of forming a 
monodisperse O/W type emulsion by press -introducing 
an organoalkoxysilane into an aqueous phase through a 

30 porous membrane, and a step of adding a catalyst to 
the emulsion to condensation polymerize the orga- 
noalkoxysilane. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

Fig. 1 is a view showing one example of the appa- 
ratus used in the method of the present invention; 
Rg. 2 is a view showing another example of the 
apparatus used in the present invention, 
40 Rg. 3 is a slant view showing one example of a filter 
used in the present invention, and 
Rg. 4 is a sectional view cut along the line A-B of 
the filter in Rg. 3. 

45 DETAILED DESCRIPTION OF THE INVENTION 

The present invention is described in detail below. 

Example of the organoalkoxysilane used in the 
present invention is a silane represented by following 
so formula (I). Partially hydrolyzed product of the silane 
may also be used. 

R n SiX4_ n (I) 

55 wherein R represents a substituted or unsubstituted 
monovalent organic group; X represents an alkoxy 
group; and n represents 0 or an integer of from 1 to 3. 

Examples of the monovalent organic group repre- 
sented by R are an alkyl group such as methyl, ethyl, 
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propyl, butyl, perrtyl, hexyl, octyl, decyl, dodecyl, or 
octadecyl; a cycloaikyl group such as cyclopentyt, or 
cyclohexyl; an alkenyl group such as vinyl, or ally!; an 
aralkyl group such as 2-phenylethyl, or 2-phenylpropyl; 
an aryl group such as phenyl, or tolyl; and the above s 
groups each substituted with an epoxy group, a glyci- 
doxy group, an amino group, an acryl group, a meth- 
acryl group, an acryloxy group, a methacryloxy group, 
an alkoxy group, a hydroxyl group, a carboxyl group, a 
fluoroaJkyl group, etc. 10 

In these groups, an alkyl group and an aryl group 
are preferred, and a methyl group is more preferred 
from that non-porous polyorganosiloxane particles hav- 
ing a uniform particle size are obtained. 

Examples of the alkoxy group represented by X are is 
methoxy, ethoxy, pro poxy, butoxy, phenoxy, methox- 
yethoxy, and methoxypropoxy. In these alkoxy groups, a 
methoxy group and an ethoxy group are preferred from 
the point that it is easy to control the reaction of hydrol- 
ysis and condensation polymerization. 20 

In the above formula (I), n is 0 or an integer of from 
1 to 3. The organoalkoxysilane in the present invention 
is that the silanes each having a different value of n can 
be used together as. for example, a mixture of an alkyl- 
trialkoxysilane and a dialkyldialkoxysilane. It is preferred 25 
to use the silanes wherein n is from 1 to 3 from the point 
that non-porous polyorganosiloxane particles are easily 
obtained. In this case, it is preferred to use at least 70 
mol% of the silane wherein n is 1 . In particular, in view 
of the fact that the polyorganosiloxane particles having 30 
a uniform particle size are obtained in the continuous 
production method of polyorganosiloxane particles of 
the present invention, it is preferred to obtain the 
polymethylsilsesquioxane particles by using only the 
silane wherein n is 1 . 35 

Two or more kinds of alkoxysilanes wherein the 
organic group R and the alkoxy group X differ each 
other may also be used. 

The organoalkoxysilane is used in an amount such 
that the amount is from 5 to 50% by weight and prefer- 40 
ably from 10 to 30% by weight based on the weight of 
the emulsion obtained by press-introducing the orga- 
noalkoxysilane into an aqueous phase, from the points 
that the silane particles which are suspended fine parti- 
cles are difficult to aggregate and spherical particles 45 
having a uniform particle size are obtained. 

Any catalyst which can hydrolyze and condensation 
polymerize the alkoxysilane may be used as the cata- 
lyst. Examples of the catalyst are ammonia; amines 
such as monomethylamine, dimethylamine, monoethyl- so 
amine, diethylamide, or ethylenediamine; alkali metal 
hydroxide such as sodium hydroxide, potassium hydrox- 
ide, lithium hydroxide, or barium hydroxide; alkali metal 
carbonates such as sodium carbonate, or potassium 
carbonate; inorganic acids such as hydrochloric acid, ss 
sulfuric acid, or phosphoric acid; and organic acids such 
as formic acid, acetic acid, propionic acid, monochloro- 
acetic acid, oxalic acid, or citric acid. In these catalysts, 
ammonia, amines, alkali metal hydroxides, and alkali 



metal carbonates are preferably used from the point that 
the polymerization of the alkoxysilane is carried out 
well, and ammonia and amines are particularly pre- 
ferred from that the polyorganosiloxane particles having 
small impurities are easily obtained. 

In the present invention, it is preferred to use the 
catalyst as the aqueous solution thereof. To proceed 
well the hydrolysis and condensation polymerization, it 
is preferred to use the aqueous solution of the catalyst 
as the solution of the catalyst further containing an 
organic solvent if necessary. Examples of the organic 
solvent which is added to the aqueous solution of the 
catalyst are hydrophilic organic solvents, for example, 
alcohols such as methanol, ethanol, propyl alcohol, n- 
butanol, or iso-butanol; and ketones such as dimethyl 
ketone, methyl ethyl ketone, or acetone. 

The amount of the organic solvent used is prefera- 
bly 20% by weight or less, and more preferred 10% by 
weight or less, based on the total weight of water and 
the organic solvent from the point that the polyorganosi- 
loxane particles having a uniform particle size are 
obtained. 

The amount of the catalyst used is preferably from 
0.001 to 5.0% by weight, and more preferably from 0.1 
to 2.0% by weight, as the amount in the state of adding 
the solution of the catalyst to the emulsion of the alkox- 
ysilane from the points that hydrolysis and condensa- 
tion polymerization reaction of the alkoxysilane are 
carried out well and the polyorganosiloxane particles 
containing small impurities are obtained. 

The porous membrane used in the present inven- 
tion is a porous membrane having a pore diameter of 
from 80 to 50.000 A, and preferably from 1,000 to 
15,000 A. Porous membranes made of various kinds of 
materials can also be used. Examples of such porous 
membranes are a ceramic membrane, a glass mem- 
brane, an organic high molecular weight membrane, 
and a composite membrane of the above materials. 

In these membranes, a ceramic membrane and a 
glass membrane are preferred from the point that the 
heat resistance, the durability, etc.. are excellent. Exam- 
ples of the material of the ceramic membrane are silicic 
materials such as silica, or silica lime; and non-silicic 
materials such as alumina, nickel oxide, or titanite. Of 
these materials, alumina is preferred. 

Further, the form and the characteristics of the 
pores of these porous membranes may be such that 
pores are uniformly and independently dotted and have 
almost the same pore diameter or the pores have a net- 
work structure as an agarose gel. The pores which are 
uniformly and independently dotted and have almost the 
same pore diameter are preferred from the point that a 
monodisperse emulsion having fine particle size is 
obtained well. 

The porous membrane used in the present inven- 
tion preferably is subjected to a hydrophobic treatment 
since the press-introduction of the organoalkoxysilane 
into an aqueous phase is particularly improved, a mon- 
odisperse emulsion is formed, the durability of a filter is 
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increased and the maintenance thereof becomes easy. 
The hydrophobic treatment can be carried out by a con- 
ventional method using a treating agent such as an 
alkyichlorosilane, an aikylalkoxysilane, a fluoroalkyta- 
Ikoxysilane. or a silicone resin. For example, the treating 
agent is dissolved in an organic solvent and, if neces- 
sary, a curing catalyst of the treating agent, such as an 
organotin compound, or an organotitanium compound, 
is compounded with the solution to obtain a treating liq- 
uid. The porous membrane is then immersed in the 
treating liquid and they are allowed to stand at room 
temperature or heated to cure the treating agent, 
whereby the hydrophobic treatment is carried out. In 
other method, the treating agent such as silane is 
vaporized by heating and the hydrophobic treatment 
can be carried out by passing the gaseous treating 
agent through the porous membrane and, if necessary, 
further carrying out a plasma polymerization. 

In the point that the porous membrane can be eas- 
ily washed with an acid, an alkali, etc., it is preferred to 
use a hydrophilic porous membrane without being sub- 
jected to the hydrophobic treatment. This has the char- 
acteristic that the largish particles are easily obtained. 

Example of the porous membrane used in the 
present invention is a hollow tubular porous membrane. 
The filter using the hollow tubular porous membrane 
preferably has a form that an aqueous phase can be 
passed in the hollow portion (inside) of the tubular 
porous membrane and the organoalkoxysilane can be 
press-introduced in the aqueous phase from the out- 
side. One example of such a filter is shown in Fig. 3 and 
Fig. 4. In each drawing thereof, the same numerals are 
used for the same parts of the constitution. 

In Fig. 3 and Fig. 4, a filter 1 has a liquid inlet 3 and 
a liquid outlet 4 at an outer tube portion 2, and a hollow 
tubular porous membrane 5 is disposed in the inside of 
the filter. Space between the inside wall of the outer 
tube portion 2 and the outer surface of the tubular 
porous membrane 5 forms a liquid supplying passage- 
way 6. 

Accordingly, in the filter 1 , an organoalkoxysilane is 
introduced therein from the liquid inlet 3 and while the 
organoalkoxysilane introduced passes through the liq- 
uid supplying passageway 6, the organoalkoxysilane is 
press-introduced in an aqueous phase which is passed 
through a hollow portion 7 of the tubular porous mem- 
brane 5 to form an emulsion. The organoalkoxysilane 
which was not press-introduced in the aqueous phase is 
discharged from the liquid outlet 4 into the outside. 

A filter having a plurality of hollow portions through 
which an aqueous phase is passed can also be used in 
the present invention. Further, the organoalkoxysilane 
may be press-introduced into the aqueous phase from 
the hollow portion (inside) of the hollow tubular porous 
membrane by passing an aqueous phase through the 
space formed between the outer tube portion of the filter 
and the tubular porous membrane. A filter having the 
form that an aqueous phase is passed through the hol- 
low portion (inside) of the hollow tubular porous mem- 



brane and the organoalkoxysilane can be press- 
introduced in the aqueous phase from the outside of the 
tubular porous membrane is preferred from the point 
that the pressure and the flow rate can be easily control- 
5 led. 

An example of the apparatus used in the present 
invention is shown in Fig. 1 . 

In Fig. 1 , an apparatus 8 is constituted by the filter 1 
shown in Fig. 3 and Fig. 4, a tank 9 for an organoalkox- 

10 ysilane, an aqueous phase tank 10, a catalyst tank 1 1 . 
and a product tank 12. These constituents are con- 
nected by lines 13 to 17. A liquid supply pump 18, a 
flowmeter 19, a pressure gage 20, and a valve 21 are 
property disposed in each line. A heater (not shown) is 

is also equipped to each line for controlling each line to a 
desired temperature. 

In the apparatus thus constituted, an aqueous 
phase is passed from the aqueous phase tank 10 into 
the hollow portion 7 of the filter 1 at a definite flow rate 

20 and a definite pressure. Further, an organoalkoxysilane 
is passed through the liquid supplying passageway 6 of 
the filter 1 from the organoalkoxysilane tank 9 at a defi- 
nite flow rate and a definite pressure higher than the 
pressure of the aqueous phase. 

25 Thus, the organoalkoxysilane is press-introduced in 
the aqueous phase through the porous membrane 5 P 
and the emulsion of the organoalkoxysilane is formed in 
the aqueous phase. An aqueous solution of a catalyst 
from the catalyst tank 1 1 is introduced into the emulsion 

30 to cure (condensation polymerize) the organoalkoxysi- 
lane fine particles (suspended fine particles) in the 
emulsion. The product obtained is stored in the product 
tank 12. 

The product is, if necessary, isolated through the 

35 steps of a filtration, water washing, dehydration by, for 
example, a centrifugal separation, drying, grinding, etc. 

The production method of the present invention has 
the characteristic that since it is not necessary to use a 
surface active agent, water washing, dehydration, etc., 

40 of the product can be carried out well, becoming easy to 
isolate the product 

An apparatus 22 using a combination of a plurality 
of filers 1 , 1 as shown in Fig. 2 may be used as the appa- 
ratus used in the present invention. The combination of 

45 the filters 1 ,1 may be such that the filters are disposed 
parallel to the stream of the aqueous phase. Various 
combinations are possible. To accelerate curing by the 
hydrolysis and condensation polymerization of the 
silane after introduction of the catalyst, a heating appa- 

so ratus such as a heater may be disposed in each line. 

In the present invention, in view of the fact that sus- 
pended fine particles having good particle size are 
obtained in the emulsion where an emulsion is formed 
by passing an organoalkoxysilane through the porous 

55 membrane and where a catalyst is added, it is preferred 
to control the temperatures of the aqueous phase, the 
organoalkoxysilane, and emulsion to a temperature of 
from 0°C to 80°C. and preferably from 10°C to 20°C, at 
the formation of the emulsion. After addition of the cata- 
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lyst, to proceed well the hydrolysis and condensation 
polymerization reaction, it is preferred to control the 
temperature of the emulsion to a temperature of from 
30*C to 60°C, and preferably from 40°C to 50°C. 

The present invention is described in more detail by s 
referring to the following examples. Unless otherwise 
indicated, all parts and percentages in these examples 
are by weight, and the viscosities show the values at 
25°C. 

10 

Example 1 

Using the apparatus shown in Fig. 1 , condensation 
polymerization of an organoalkoxysilane was continu- 
ously carried out under the following conditions. 75 

Water was used as an aqueous phase, methyrtri- 
methoxysilane was used as an organoalkoxysilane, and 
25% aqueous ammonia was used as a catalyst. Row 
rate of silane was shown by the amount which enters 
into the aqueous phase by press-introducing from the 20 
liquid supplying passageway 6 of the filter 1 , and flow 
rate of a catalyst was shown by the amount which 
enters into the emulsion. A hollow tubular form made of 
alumina was used as the porous membrane 5. The tem- 
perature at press-introducing the silane into the aque- ss 
ous phase and also at the addition of the catalyst was 
controlled to a temperature of from 15°C to 25°C, and 
the temperature after addition of the catalyst was con- 
trolled to a temperature of from 30°C to 40°C. 

The conditions in the filter 1 are shown below. 30 



Example 2 

Condensation polymerization of the organoalkox- 
ysilane was continuously carried out under the same 
conditions as in Example 1 except that an apparatus 
shown in Rg. 2 using two filters was used. 

When the polyorganosiioxane particles thus 
obtained were observed by an electron microscope, the 
particles were non-porous and were substantially true 
spherical particles having the ratio of the X-axis to Y- 
axis in the particle size of from 1 .0 to 1 .2. The average 
particle size was 1 .5 p,m (particle size distribution range: 
1.3 to 1.7). 

Example 3 

Condensation polymerization of the organoalkox- 
ysilane was continuously carried out under the same 
conditions as in Example 1 except that a porous mem- 
brane 5 having an average pore size of 15,000 A was 
used. 

When the polyorganosiioxane particles thus 
obtained were observed by an electron microscope, the 
particles were non-porous and were substantially true 
spherical polyorganosiioxane particles having the ratio 
of the X-axis to Y-axis in the particle size of from 1 .0 to 
1.1. The average particle size was 5.5 (xm (particle size 
distribution range: 4.2 to 6.8). 

Example 4 



When the product (dispersion) thus produced was 
discharged through a 150 mesh wire gauze and dehy- 
dration was carried out by a centrifugal filtration and a 
pressure filtration (filter press), a pasty product was 
obtained. The product obtained was dried in an oven 
and then ground using a Laboratory Jet Mill to obtain a 
white powder. 

When the polyorganosiioxane particles thus 
obtained were observed by an electron microscope, the 
particles were non-porous and were substantially true 
spherical polyorganosiioxane particles having the ratio 
of the X-axis to the Y-axis in the particle size of from 1 .0 
to 1 .2. The average particle size of the polyorganosi- 
ioxane particles was 2.2 yum (particle size distribution 
range: 1.8 to 2.6). 



Condensation polymerization of the organoalkox- 
ysilane was continuously carried out under the same 
conditions as in Example 1 except that a porous mem- 
brane 5 having an average pore size of 1 ,000 A was 
used. 

When the polyorganosiioxane particles thus 
obtained were observed by an electron microscope, the 
particles were non-porous and were substantially true 
spherical polyorganosiioxane particles having the ratio 
of the X-axis to Y-axis in the particle size of from 1 .0 to 
1.2. The average particle size was 0.50 u.m (particle 
size distribution range: 0.45 to 0.55). 

Example 5 

Condensation polymerization of the organoalkox- 
ysilane was continuously carried out under the same 
conditions as in Example 1 except that a mixture of 
methyltrimethoxysilane and dimethylmethoxysilane (4 : 
1 by molar ratio) was used as the organoalkoxysilane. 

When the polyorganosiioxane particles thus 
obtained were observed by an electron microscope, the 
particles were non-porous and were substantially true 
spherical polyorganosiioxane particles having the ratio 
of the X-axis to Y-axis in the particle size of from 1 .0 to 
1.42. The average particle size was 2.5 pun (particle 
size distribution range: 1.7 to 3.3). 



Average pore size of the porous membrane 5: 
5,000 A 

Inside diameter of tubular porous member 5: 10 
mm 35 
Thickness of the porous membrane 5: 1 mm 
Length of the porous membrane 5: 500 mm 
Inside diameter of the filter 1 : 30 mm 
Flow rate of water: 300 kg/hour 
Row rate of the silane: 30 kg/hour 40 
Row rate of the catalyst: 5.9 kg/hour 

45 



so 



55 



5 



9 



EP0 765 896 A1 



10 



Example 6 

Condensation polymerization of the organoaJkox- 
ysilane was continuously carried out under the same 
conditions as in Example 1 except that an aqueous s 
solution (containing 8% ethanol) of 25% dimethyfamine 
was used as the catalyst 

When the polyorganosiloxane particles thus 
obtained were observed by an electron microscope, the 
particles were non-porous and were substantially true 10 
spherical polyorganosiloxane particles having the ratio 
of the X-axis to Y-axis in the particle size of from 1.0 to 
1.2. The average particle size was 2.2 \im (particle size 
distribution range: 1.8 to 2.6). 

is 

Example 7 

Condensation polymerization of the organoalkox- 
ysilane was continuously carried out under the same 
conditions as in Example 1 except that the porous mem- 20 
brane 5 which had been subjected to a hydrophobic 
treatment with trimethylmethoxysilane was used. The 
hydrophobic treatment was carried out by immersing 
the porous membrane 5 in a 20% toluene solution (con- 
taining 0.1% dibutyltin dilaurate) of trimethylmethoxysi- 2s 
lane, air drying the membrane thus treated, and heating 
the same at 50°C for one hour. 

When the polyorganosiloxane particles thus 
obtained were observed by an electron microscope, the 
particles were non-porous and were substantially true 30 
spherical polyorganosiloxane particles having the ratio 
of the X-axis to Y-axis in the particle size of from 1.0 to 
1 .1 . The average particle size was 1 .8 Jim (particle size 
distribution range: 1.6 to 2.0). 

35 

Comparative Example 1 

Condensation polymerization of the organoalkox- 
ysilane was continuously carried out under the same 
conditions as in Example 1 except that toluene (contain- ao 
ing 10%polyoxyethylene(20) lauryl ether) was used as 
the aqueous phase and an equivalent weight mixture of 
a 25% aqueous ammonia and 100% ethanol was used 
as the catalyst. 

However, particles were not formed and only a vis- 45 
cous liquid was obtained. 

Comparative Example 2 

Condensation polymerization of the organoalkox- so 
ysilane was continuously carried out under the same 
conditions as in Example 1 except that a partially hydro- 
lyzed product of tetraethoxysilane was used as the 
organoalkoxysilane, hexane (containing 10% polyax- 
yethylene(20) lauryl ether) was used as the aqueous ss 
phase and an equivalent weight mixture of a 25% aque- 
ous ammonia and 100% ethanol was used as the cata- 
lyst 

When the polyorganosiloxane particles thus 



obtained were observed by an electron microscope, the 
particles were porous and were spherical polyorganosi- 
loxane particles having the ratio of X-axis to the Y-axis in 
the particle size was 1.0 to 1.5. The average particle 
size was 3.5 \wn (particle size distribution range: 0.8 to 
8.5). 

As described above, according to the present 
invention, a monodisperse emulsion wherein organosi- 
loxane particles (suspended fine particles) are spherical 
and have a uniform size is formed by press-introducing 
an organosiloxane into an aqueous phase through a 
porous membrane, and spherical polyorganosiloxane 
particles having a uniform particle size, which can hith- 
erto been obtained by only a batch system, can be con- 
tinuously produced with a good efficiency by adding a 
catalyst to the emulsion obtained to carry out the con- 
densation polymerization of the organosiloxane. Also, 
the polyorganosiloxane particles obtained are non- 
porous. Further, since use of a surface active agent is 
not necessary in producing the polyorganosiloxane par- 
ticles, the polyorganosiloxane particles produced can 
easily be purified and isolated. 

While the invention has been described in detail 
and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that various 
changes and modifications can be made therein without 
departing from the spirit and scope thereof. 

Claims 

1. A continuous production method of polyorganosi- 
loxane particles, comprising a step of press-intro- 
ducing an organoalkoxysilane into an aqueous 
phase through a porous membrane to form a mon- 
odisperse O/W type emulsion, and a step of adding 
a catalyst to said emulsion to condensation polym- 
erize the organoalkoxysilane 

2. The continuous production method of polyorganosi- 
loxane particles of claim 1, wherein the orga- 
noalkoxysilane is a silane represented by following 
formula (I) or a partially hydrolyzed product thereof; 

R n SiX4. n (0 

wherein R represents a substituted or unsubstituted 
monovalent organic group; X represents an alkoxy 
group; and n represents 0 or an integer of from 1 to 
3. 

3. The continuous production method of polyorganosi- 
loxane particles of claim 1, wherein the catalyst is 
an aqueous ammonia or an aqueous solution of an 
amine. 

4. The continuous production method of polyorganosi- 
loxane particles of claim 1, wherein the porous 
membrane is a hollow tubular ceramic membrane, 
and the organoalkoxysilane is press-introduced 
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from the outside of the hollow tubular ceramic mem- 
brane into the aqueous phase in the hollow portion 
of the hollow tubular ceramic membrane. 

The continuous production method of polyorganosi- 
loxane particles of claim 4. wherein a hydrophobic 
treatment is applied to the porous membrane. 
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